Introduction
The number of octogenarians referred for coronary artery bypass grafting (CABG) is constantly increasing w1, 2x. In this patient population, advanced age and a higher prevalence of co-morbidities are associated with a definite increase in operative mortality and morbidity w3, 4x.
The less invasive nature of off-pump coronary artery bypass (OPCAB) makes it an attractive option, compared to conventional CABG, in such a relatively high-risk group of patients. However, studies examining the impact of avoiding cardiopulmonary bypass (CPB) on early mortality and morbidity in octogenarians yielded variable results w5-9x.
The aim of the study was to compare retrospectively the postoperative results of octogenarians who underwent CABG with or without CPB to define the optimal surgical technique in this group of high-risk patients. The primary endpoint being examined was in-hospital mortality.
Material and methods

Patient population and data
The hospital's database was queried for patients aged 80-89 years old, who underwent first time isolated CABG between 1st April 1997 and 31st March 2010, identifying 343 consecutive patients. Of these, 187 patients underwent conventional CABG with the use of CPB and 156 patients underwent OPCAB. The choice between both procedures was subject to surgeons' preference. Any conversions to CPB were classified as OPCAB cases based on 'intention-totreat' analysis (seven cases were converted in the total OPCAB group, four of which ended in the matched population).
Definitions and data collection methods, unless otherwise specified have been previously published w10x. Data was collected prospectively during the patients' admission as part of our routine practice and entered into our cardiac surgery registry on the following variables: age, sex, body mass index, urgency of operation, history of myocardial infarction (MI), diabetes, hypercholesterolemia, hypertension, peripheral vascular disease, cerebrovascular disease, respiratory disease, and renal dysfunction, as well as the extent of coronary disease, and left ventricular ejection fraction.
Downloaded from https://academic.oup.com/icvts/article-abstract/12/3/435/760196 by guest on 28 April 2019 The different surgical techniques used in our patients, on-pump (ns187) and off-pump (ns156) have already been published w11x. Postoperative data collected included in-hospital mortality, MI, re-exploration for bleeding, atrial fibrillation (AF), stroke, renal failure, deep sternal wound infection, duration of mechanical ventilation, use of inotropes, and length of intensive care unit (ICU) and postoperative hospital stay.
In-hospital mortality was defined as death within the same hospital admission regardless of cause. All patients transferred from the base hospital to another hospital were followed-up to confirm their discharge. Postoperative MI was defined as a new Q-wave in two or more contiguous leads on an electrocardiogram or significant rise in cardiac enzymes combined with hemodynamic and echocardiographic signs of MI. Re-exploration for bleeding was defined as bleeding that required surgical reoperation after initial departure from the operating theatre. Postoperative AF was defined as the occurrence of new AF in the absence of preoperative persitent or paroxysmal AF. Postoperative stroke was defined as a new focal neurological deficit andy or comatose states occurring postoperatively, that persisted for )24 hours after its onset and was noted before discharge. Renal failure was defined as patients with a postoperative creatinine level )200 mmolyl or patients requiring dialysis. Sternal wound infection was defined in accord with the published evidence-based guidelines by the centers for disease control and prevention w12x.
Statistical analysis
Continuous variables are shown as median (25th-75th percentiles). Categorical data are shown as percentages (n). Univariate comparisons were made with Wilcoxon rank sum tests and x -test as appropriate.
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To account for differences in case-mix, we developed a propensity score for the receipt of an off-pump procedure w13x. The propensity for the receipt of an off-pump procedure was determined without regard to outcome, using multivariate logistic regression analysis w14x. A full nonparsimonious model was developed that included all variables listed in the preoperative characteristic tables and the use of left internal mammary graft from the operative characteristics. This gave a C-statistic of 0.75 indicating a good discriminatory power. The goal is to balance patient characteristics by incorporating everything recorded that may relate to either systematic bias or simply bad luck. We then used a macro (available at: http:yywww2.sas.comy proceedingsysugi29y165-29.pdf) to perform propensity matching. In all cases, a P-value -0.05 was considered significant. All statistical analysis was performed retrospectively using SAS for Windows Version 9.2 (SAS, Cary, NC, USA).
Results
The preoperative and operative characteristics of the unmatched groups are summarized in Table 1. Table 2 compares outcomes prior to matching. There were seven conversions to CPB in the OPCAB group. Conversion to CPB was associated with worse clinical outcome. All seven patients required postoperative inotropes with renal failure developing in four patients (57.1%) and an in-hospital mortality rate of 14.3% (one patient).
Of 156 OPCAB patients, we were able to successfully match 107 to a similar number of on-pump patients. The preoperative and disease characteristics of the propensity matched off-pump and on-pump patients are shown in Table 3 . 
9 (7-14) 10 (6-15) 0.14 Continuous variables are shown as median (25th-75th percentile). Categorical variables are shown as percentage (n). CABG, coronary artery bypass grafting. Table 3 also shows the operative characteristics of the matched groups. The number of distal anastomoses was comparable in both groups. In the matched groups, there were no significant differences between on-pump and offpump patients with regards in-hospital mortality rate, stroke, renal failure, AF, re-exploration for bleeding and deep sternal wound infections ( Table 4) . Table 4 also shows that off-pump patients had a statistically significant shorter postoperative mechanical ventilation and ICU stay and a reduced use of inotropes. The total hospital stay, however, was similar in both groups.
Discussion
Older age is usually considered a surrogate for diminished physiological reserve and increased incidence of medical co-morbidities. Age 80 years or older was previously demonstrated to be an independent predictor of postoperative morbidity and mortality among patients undergoing CABG w3, 4x. In such patients minimizing the invasiveness of the surgical procedure by avoiding the use of CPB may be tried in an attempt to improve outcomes. Although the popularity of OPCAB has been rising over the past decade, its actual benefits in terms of morbidity and mortality remain questionable in the general population w15-17x. In the higher risk elderly patients, however, the current literature suggests potential for more tangible clinical benefits when CPB is avoided w5-8, 18x.
Panesar et al. in their meta-analysis of the topic found that OPCAB was associated with a significantly diminished operative mortality in octogenarians. Their study, however, included only observational studies, and remained prone to treatment selection, and publication bias w7x. Our overall mortality in the propensity matched groups was 5.6%, which compares well with the current literature. Similar to other reports, our experience showed no survival benefit in the OPCAB group w5, 9x.
In terms of postoperative complications, the current evidence suggests that a major advantage of avoiding CPB in elderly patients may be the reduced possibility of major neurological complications w5-8x. This is largely related to the higher incidence of severe atheromatous disease in the ascending aorta of the elderly with the risk of embolization during cannulation for CPB and clamping of the aorta w19x. Panesar et al. found a significantly reduced incidence of stroke among the OPCAB octogenarians w7x. In our experience, and in parallel with the findings of other authors, OPCAB was not associated with a similar reduction in the incidence of stroke w9x. Demaria et al. reporting a reduced incidence of stroke attributed this to an aortic 'no touch' technique with a significantly higher use of bilateral interDownloaded from https://academic.oup.com/icvts/article-abstract/12/3/435/760196 by guest on 28 April 2019 nal mammary arteries in the OPCAB group rather than simply avoiding CPB w6x. Lev-Ran et al. confirmed such an association, finding a significantly reduced incidence of major neurological complications in OPCAB patients when aortic side-biting clamps were avoided w20x. Our practice uses neither preoperative CT-scanning nor intraoperative epiaortic scanning routinely. In both groups, the ascending aorta was assessed manually after pericardiotomy. This has been supplemented in some cases by the use of transesophageal echocardiography to better delineate aortic disease. In the on-pump CABG group the sites for cannulation, cross-clamping and proximal anastomoses were planned accordingly, using a single-clamp technique whenever the application of a side-biting clamp was judged hazardous. In the OPCAB group, the same applied regarding the site of proximal anastomoses with an additional possibility of using pedicled arterial grafts to avoid any manipulation of a diseased ascending aorta.
In our matched OPCAB group, 52 patients had pedicled arterial grafts with an aortic 'no touch' technique. Surprisingly, both instances of stroke in the OPCAB group belonged to the aortic 'no touch' subgroup. Neither of these two patients were converted to the use of CPB. Such a finding should draw attention to the importance of other factors involved in the pathogenesis of stroke in CABG patients w21x.
Although the rate of MI in the on-pump group was triple that of the OPCAB group, this did not reach statistical significance. Similar to the case of stroke, it would be difficult to draw any conclusions in view of the low incidence of the variables in question, which raises the possibility of a type II statistical error.
In the current study, we also found no benefit associated with OPCAB in terms of reduced incidence of renal failure, re-exploration for bleeding, or deep wound infection. Such findings are in parallel with findings of studies concerned with the general population of patients w15x, or the elderly undergoing CABG w9x.
The only benefits associated with OPCAB, were a shorter postoperative period of mechanical ventilation and ICU stay along with lesser use of inotropes. Such findings although seemingly trivial, may translate into substantial savings in this group of patients with a higher-level of resource utilization perioperatively w4x.
Despite a shorter ICU stay among OPCAB patients, however, their overall hospital stay remained comparable to the conventional CABG group. This may be explained by the more difficult and lengthy rehabilitation needed in elderly patients postoperatively w22x.
There are some limitations to the current report, being a single center observational study, and therefore prone to a degree of selection bias. The retrospective nature along with the relatively long time period this study covers may carry unknown variables affecting outcome that are not taken into account when constructing the propensity match. Unfortunately, in the absence of randomized controlled trials, such limitations are a common factor to all studies on the topic. A further consideration is that the population size for octogenarians remains relatively small when compared to the total volume of most surgical units. Subsequent studies may look into the possibility of pooling data on this age group from a number of institutions in order to offer greater statistical power. A final limitation is that we only examined early outcomes. Further studies with longer follow-up are needed.
In conclusion, OPCAB was not associated with a decrease in early operative mortality and morbidity when compared with conventional on-pump CABG. It was only associated with a decreased period of mechanical ventilation and ICU stay, and a lesser use of inotropes. The total hospital length of stay, however, remained unaffected. We would like to contribute our opinion on an important related issue, not emphasized in the present study w1x; more specifically that of neuropsychiatric complications in the elderly after heart surgery.
It has long been believed that, especially for elderly patients, avoiding cardiopulmonary bypass during heart surgical procedures really protects them against this category of complications (stroke, TIA, cognitive decline, postoperative delirium). However, multiple recent studies conclude to the result that off-pump operated patients either have a slight temporary benefit (over a three-or six-month period) or no benefit at all as far as their total neurocognitive performance status is concerned w2, 3x. In any case, midand long-term follow-up studies (until up to five or six years postoperatively) show no differences between on-and off-pump operated patients in this matter. Moreover, their total cognition performance tends to match that of the age-and gender-related general population in the long-term w2-4x.
In conclusion, another reason for the avoidance of cardiopulmonary bypass in the elderly is hereby abolished. We read with great interest the article by Saleh et al. w1x comparing outcomes following on-pump and off-pump coronary artery bypass grafting (CABG) in octogenarians. The authors deserve credit for publishing their experience and adding to the seemingly sparse literature on this topic. In this series, the 6.7% overall mortality rate and relatively low incidence of postoperative complications compare favorably with published literature and may be due to factors related to patient selection. In addition, their results suggest that overall outcomes after CABG surgery within octogenarians have improved in recent times and that surgical myocardial revascularization can be performed safely and with acceptable operative risk using either onpump or off-pump strategy.
Cardiac surgery among octogenarian and other elderly patients is being increasingly undertaken in recent years. Despite encouraging short-term outcomes for octogenarians after cardiac surgery it must be emphasized that several series have reported longer hospital stays as well as increased morbidity and mortality among octogenarian patients after cardiac operations w2-4x. Worse survival seen among octogenarians has been attributed to the higher prevalence of complex comorbid disease in elderly patients. Further, increasing evidence suggests that a combination of intraoperative factors, including cardiopulmonary bypass time, transfusion requirements, and left internal mammary artery utilization, are important determinants of survival among octogenarians undergoing CABG w3x. Moreover, the operative course in octogenarians is more complicated, which is reflected in longer postoperative hospitalization.
Objective outcome measures (i.e. survival, mortality, morbidity, complication rate, symptom recurrence, and need for re-interventions) have long been used as benchmarks for successful cardiac surgery, including CABG. Along with these objectively measurable outcome indicators, acquired improvement by cardiac surgery in subjectively experienced health-related quality of life (HRQoL) has gained importance during the last decade in cardiac surgical research. If an increasing proportion of adult patients referred for CABG are elderly, octogenarians or even nonagenarians, the acquired HRQoL benefit from bypass surgery should be considered to be at least as important an outcome measure as potentially marginal improvement in life expectancy or longevity alone w5x. It is extremely important that informed discussion of treatment options, potential for discharge to a nursing care facility, and quality of life expectations should precede a decision to undertake cardiac surgery in patients who are octogenarians.
Last but not the least one must emphasize that although age alone must not be a barrier to access to surgery, careful patient selection and individualized treatment decisions can minimize postoperative morbidity and reduce burden on increasingly limited resources of health care systems worldwide.
